Asia to the temperate and boreal forests of the Russian Far East. This environmental variation results in substantial differences in prey availability (Miquelle et al., in press b; Sunquist et al. 1999) , suggesting that tiger social structure also may be variable. In Nepal, where tiger and prey densities are high, both male and female Bengal tigers (P. t. tigris) maintain largely exclusive home ranges (Smith et al. 1987; Sunquist 1981) . In contrast, in the Russian Far East prey biomass and tiger densities are an order of magnitude lower (Smirnov and Miquelle 1999; Stephens et al. 2006; Sunquist et al. 1999) , suggesting that spacing patterns may differ considerably. Although several studies have concluded that the Amur tigers (P. t. altaica) of this region maintain exclusive home ranges (Abramov 1962; Matyushkin 1978; Matyushkin et al. 1980; Salkina 1993; Yudakov and Nikolaev 1987) , at least 1 analysis suggested that home ranges overlap considerably (Bragin 1986 ). However, these reports are based largely on individuals identified by measuring pad width from tracks in snow; because individual identity, age (i.e., juvenile or adult), and residency status were not always certain (Matyushkin and Yudakov 1974; Yudakov and Nikolaev 1987) and because tracking was confined to winter months, these analyses might not provide robust estimates of spacing patterns in Amur tigers.
Female philopatry has been documented in many carnivore species, with subadult females often inheriting a portion of their natal home range and males generally dispersing longer distances than females. Dobson (1982) hypothesized that in polygamous species selection for outbreeding should result in subadult males dispersing farther than females. However, given that male home ranges are generally larger in solitary species, dispersing males would have to move farther than females just to emigrate from their father's home range. Smith (1984) confirmed this pattern for Bengal tigers in Nepal, but information on dispersal and home-range acquisition in Amur tigers is completely lacking.
Spatial and social structure also can influence demographic parameters. For example, social instability created by the death of resident males can result in increased infanticide by immigrating males and reduced reproductive rates (Smith and McDougal 1991; Wielgus et al. 2001 ). In addition, spatial and social structure can affect operational sex ratio (Emlen and Oring 1977) and degree of polygyny, both of which can impact effective population size (Chepko-Sade et al. 1987; Clutton-Brock and Harvey 1978; Creel 1998; Lott 1984; Smith and McDougal 1991) . Human-induced mortality-the most common source of mortality for many large carnivores )-also has the potential to impact spatial and social structure, and hence, demographic parameters that may affect population viability (Chapron 2008; Packer et al. 2009 ). Thus, knowledge of the social structure of carnivore populations can provide insights into how disturbances-including anthropogenic disturbances such as habitat destruction and poaching-will affect those populations. Such information may aid in determining the minimum population sizes necessary for long-term species survival (Chapron et al. 2008; Lott 1984; Miquelle et al. 1999a ).
To address these issues we examine home-range size and dynamics, spacing characteristics, changes in home-range tenure, and dispersal patterns for Amur tigers in the SikhoteAlin Biosphere Zapovednik using snow tracking and yearround radiotelemetry (Goodrich et al. 2001 Kerley et al. 2002 Kerley et al. , 2003 Miquelle et al. 1999b Miquelle et al. , 2005b . Given the low prey density of this northern temperate forest (Miquelle et al. 1999a) , we predicted that home-range sizes for Amur tigers would be larger than those reported for Bengal tigers. However, because several authors report exclusive winter home ranges for Amur tigers (Abramov 1962; Matyushkin 1978; Matyushkin et al. 1980; Salkina 1993; Yudakov and Nikolaev 1987) , we predicted that, like Bengal tigers, both sexes of Amur tigers would have exclusive home ranges (Smith et al. 1987; Sunquist 1981) and that patterns of dispersal and home-range acquisition would be similar, with females being more philopatric than males (Smith 1993; Smith et al. 1987) . Finally, because poaching pressure varies across the biosphere, we assessed the effects of various rates of human-induced mortality on patterns of space use, homerange acquisition, reproduction, and population growth. Collectively, these analyses yield important new insights into the influence of anthropogenic disturbances on spatial structure, and consequently, population viability of Amur tiger populations.
MATERIALS AND METHODS
Study area.-The study population of Amur tigers (P. t. altaica) was located in and around the 390,184-ha SikhoteAlin Biosphere Zapovednik, near the town of Terney, Primorye Krai, in the Russian Far East (44u469N, 135u489E). Russian zapovedniks are a system of highly protected lands with minimal human disturbance; they are closed to the public and access is limited to employees and visiting scientists (Stepenitski 1996) . The land surrounding the Sikhote-Alin Biosphere Zapovednik is sparsely populated (about 13,000 people in 5 villages) and includes a 1-to 8 km-wide, 70,350-ha buffer zone around the periphery of the reserve. Adjacent lands are designated primarily state forestry lands where logging and hunting are the main commercial activities. Human access to state forestry lands is usually unrestricted, with the result that recreational and commercial activities such as hunting, fishing, and collection of nontimber forest products are common and subsistence and small commercial agricultural activities are widespread near the coast and along larger river drainages.
Sikhote-Alin Biosphere Zapovednik is bordered by the Sea of Japan to the east, and its central feature is the Sikhote-Alin Mountains, which parallel the coastline and are characterized by low rolling hills near the coast and steep slopes and broad creek and river valleys further inland. Elevations reach nearly 1,600 m, but most peaks are ,1,200 m. We worked mostly on the east side of the Sikhote-Alin, and our core study area was the southern portion of the zapovednik. Near the coast the dominant plant communities include oak (Quercus mongolica) forests; further inland and at higher elevations the area consists of mixed conifer-deciduous forest dominated by Korean pine (Pinus koraiensis), larch (Larix komarovii), and birch (Betula spp.). The climate in the study area is moderated by the Sea of Japan and characterized by marked seasonal differences with relatively dry, cold winters (X 5 1,190 mm snow and X 5 214uC, in January, in Terney) and moderately hot and wet summers (X 5 15uC, in July, in Terney); most (,64%) of the annual precipitation (X 5 680 mm) falls in summer (Miquelle et al. 2005b ).
The zapovednik is located close to the center of current geographic range of the Amur tiger (Matyushkin 1996) and is contiguous with a large expanse of tiger habitat that extends approximately 500 km to the north and south of the reserve (Miquelle et al. 1999a ). The Zapovednik is the largest protected area within the tiger's range, and its large size and high level of protection create some of the best habitat remaining for Amur tigers, although a public highway in the southeastern portion of the reserve provides access and opportunity for poaching (Kerley et al. 2002) . Tiger densities are higher on the zapovednik (0.6/100 km 2 ) than in most other areas within the range of the tiger, most likely as a result of protection from poaching and higher prey density Miquelle 1999, 2005) . Red deer and wild boar are the most common of the larger ungulates and are the primary (82% of 720 kills) prey for tigers on the study area (Miquelle et al. 2005a, in press ).
Capture and radiotracking.-All research procedures followed guidelines of the American Society of Mammalogists (Gannon et al. 2007 ) and were approved by the Animal Care and Use Committee of the Wildlife Conservation Society. Tigers were captured in leghold snares or via helicopter and anesthetized with ketamine mixed with xylazine (10.8 mg/kg ketamine and 0.81 mg/kg zylazine) or medetomidine (4.0 mg/ kg ketamine and 0.07 mg/kg medetomidine- Goodrich and Miquelle 2010; Goodrich et al. 2001) . While anesthetized, each animal was weighed, standard body measurements were taken, and blood and tissue samples were collected for genetic analysis. Additionally, each animal was fitted with a radiotransmitter (typically equipped with an activity sensor; MOD 500; Telonics, Mesa, Arizona). We estimated the age of each tiger based on body mass and measurements, tooth eruption, tooth wear and staining, known birth dates of young belonging to radiocollared mothers, evidence of having reproduced, and breeding behaviors noted after capture. Based on these data, we classified animals as juveniles (,1.5 years), subadults (1.5-3 years), or adults (.3 years- Goodrich et al. 2001; Kerley et al. 2003 Kerley et al. , 2005 Nikolaev and Yudin 1993) . Our trapping activities focused on capturing resident tigers in the southern portion of the Sikhote-Alin Biosphere Zapovednik, beginning with the southeastern corner and expanding outward as residents were added to our group. However, we usually trapped at least once every 2 years within the home range of each tigress to capture cubs, the resident male, or to recapture the female to change her collar. Hence, we were likely to capture any additional resident tigers in the area.
From February 1992 through December 2006 we monitored radiocollared tigers from the ground (on foot and from vehicles, approximately 60% of fixes) and from the air (AN-2 biplane, MI-2 helicopter, or a MI-8 helicopter, Vladivastok Avia, Vladivastok, Primorsky Krai, Russia; approximately 40% of fixes). From the ground tiger locations were determined by triangulation using 2-or 3-element yagi antennas or by approaching to 100-400 m and partially circling the tiger. Location attempts resulted in 285 visual observations of tigers from the air and 110 visual observations from the ground. During the first 3 years of the project we located animals from the air approximately once every 7 days. Aircraft availability declined during 1996-1998, and thus we located animals from the air only once every 15 days; after August 1999 this rate increased to once every 6 days. Both ground-and air-based data on tiger locations were collected year-round, with most fixes (94%) obtained between 0800 and 2000 h. The number of locations per tiger varied with the accessibility of individual tiger home ranges; tigers that lived in areas with good road access were located more frequently than animals inhabiting remote areas.
Relatedness of individuals was determined by direct observation of interactions and associations between individuals. Mother-offspring and sibling relationships were determined by observation of juveniles with each other and their mother (Kerley et al. 2002) . In 2 cases paternity was determined by observation of breeding associations that resulted in litters of young.
Home-range size and overlap.-To estimate the number of locations necessary to estimate home-range size we plotted number of locations (chosen randomly with respect to date) against home-range size for tigers tracked for at least 1 year and with at least 100 locations. The asymptote indicated the minimum number of locations needed to estimate home-range size. In a similar manner we tested the length of time necessary to estimate home-range size by plotting home-range sizes calculated at 1-month intervals over a 1-year period.
We defined resident tigers as animals that were spatially independent of their mothers and that had resided in a centralized area for 8 months, which was approximately the time necessary to estimate home-range size. We generated 50% and 95% fixed kernel (program Home Ranger-Hovey 1998) and 100% minimum convex polygon (program CALHOME- Kie et al. 1994 ) home ranges for all resident tigers (Hayne 1949; Seaman and Powell 1996; Worton 1989) . Minimum convex polygons were used for comparisons with other studies; fixed kernel estimates were used for all other analyses, including comparisons between males and females. Three resident females had not produced their 1st litter, and 2 of these were ,3 years of age (mean age of 1st reproduction 5 4 years- Kerley et al. 2002) for part of the study period. However, all of these animals displayed estrus-related behaviors such as calling and scent marking and so were classified as residents. Home-range size for 1 adult female that was not radiocollared was estimated from location data for her 2 radiocollared male offspring for the period during which these individuals were still associated with their mother.
To avoid serial correlation of locations recorded for an individual, only locations separated by at least 36 h and 2 nights were analyzed, because these temporal intervals typically included several shifts in tiger activity from resting to moving (Yudakov and Nikolaev 1987 ) that should have resulted in independence of successive locations for a given animal (Lair 1987; Minta 1993) . Nevertheless, tests to determine independence of animal movement data (t 2 /r 2 [Schoener 1981 ] and c [Swihart and Slade 1986] ) indicated autocorrelation in 1 case (4%, n 5 27) for c and 7 cases (26%, n 5 27) for t 2 /r 2 . We chose to overlook this degree of serial autocorrelation because individual movements likely are dependent on past experience and knowledge of resources within the home range and thus spatiotemporally correlated data could contain important biological information (De Solla et al. 1999; Powell 1987) .
We compared geometric mean overlap (p ii -Minta 1992 -Minta , 1993 within and between sexes, which controls for differences in home-range size between the 2 animals being compared and produces a single independent estimate of overlap for each pair. However, for comparison to Smith et al. (1987) we also calculated percent overlap of 100% minimum convex polygon home ranges (x o 5 a/HR, where a 5 area of overlap and HR 5 area of home range) for each occurrence of overlap between neighboring females. For male-female analyses we estimated average geometric mean overlap for all instances of home-range overlap. Males clearly overlapped almost entirely with some females but very little with others, and so we divided male-female overlap into 2 categories, ''sympatric'' and neighboring,'' and tested for differences between them. For each category we determined the mean percentage of the female home range that was overlapped by the male and the mean geometric overlap between the female and male. For all calculations of overlap we estimated homerange boundaries based on locations recorded during simultaneous occupancy by both members of the overlapping pair. As a further test of home-range exclusivity we used snow tracking and capture efforts and data from annual population monitoring of Sikhote-Alin Zapovednik tigers Smirnov and Miquelle 2005) to identify any unmarked resident individuals within the home ranges of radiocollared residents and within our core study area. We also used these data to estimate the percent of the population marked within the core area each year.
Changes in home-range size.-We observed 2 types of temporal changes in home-range boundaries: expansions and contractions. We defined home-range contractions and expansions as occurring when home-range size decreased or increased, respectively, from one 8-month period to the next (8 months was approximately the amount of time needed to estimate home-range size). We did not test all individuals for shifts because sample sizes often were insufficient. Rather, we tested for shifts post hoc when we observed that a tiger started using a new area or stopped using a portion of its home range; hence, shifts of small magnitudes might have gone undetected. For home-range contractions we estimated geometric mean overlap between the old and new home ranges and the mean percent of initial home range that did not overlap with the new home range. We also estimated the proportion of the new home range that was not included in the original range. For home-range expansions we estimated the percent increase in home-range size. For tigers that shifted their home ranges during the study we treated the 2 home ranges as independent samples for calculating mean home-range size.
Home-range acquisition, changes in residency, and effects of human-induced mortality.-We attempted to monitor all radiocollared tigers born to known members of the study population until they dispersed and acquired home ranges of their own. When resident tigers died or emigrated we attempted to monitor changes in home-range occupancy in the vacated area.
We examined the effects of mortality-primarily humaninduced-on spacing patterns and home-range occupancy between 1997-2000, when human-induced mortality was high, and 2000-2006, when no human-induced mortality occurred and the population was recovering. We chose these time periods because mortality, primarily from poaching, was significantly higher during 1997-2000, when all but 2 radiocollared tigers were killed . To examine the impacts of human-caused mortality on reproduction we compared reproductive rates during those time periods using 2 measures: the number of young born per radiocollared female per year, and number of young per female per year that survived to the age of 1 year (Kerley et al. 2003) .
Statistics.-Means (X ) are reported 6 1 standard deviation (SD). Differences between variances are compared using an Ftest, and means are compared using t-tests or paired t-tests assuming equal or unequal variances as appropriate. All statistical procedures were performed using Quattro Pro 11 (Corel Corporation, Ottawa, Ontario, Canada).
RESULTS
Home-range size and overlap.-Home-range size asymptotes were reached in 222 6 54 days and 246 6 51 days for fixed kernel and minimum convex polygon estimates, respectively (n 5 11 tigers). The mean number of days that tigers were monitored was 1,438 6 1,025 (range 241-4,333). The mean number of days used for home-range analysis was 998 6 586 (range 219-2,015). With regard to number of fixes, asymptotes were reached by 45 6 9 and 41 6 13 locations for fixed kernel and minimum convex polygon estimates, respectively. A mean of 146 6 126 locations (range 38-400, n 5 27 home ranges of 19 tigers) was used in each home-range analysis. In 5 cases ,45 locations (range 5 38-44), and in 1 case ,246 days (219 days), were used for analysis. These smaller sample sizes were all only slightly less (,1 SD) than the mean and were included in our analyses to increase the number of tigers in our small samples.
Home ranges of resident females (n 5 21 home ranges for 14 females) were significantly smaller than those of males (n 5 6 home ranges for 5 males; 95% fixed kernel estimates: X R 5 384 6 136 km 2 ; X = 5 1,385 6 539 km 2 ; t 5 5 4.52, P 5 0.003; minimum convex polygon estimates: X R 5 394 6 160 km 2 ; X = 5 1,160 6 327 km 2 ; t 5 5 5.51, P , 0.001), although males showed greater variation in home-range size (F 20,5 5 15.49, P 5 0.003).
We examined home-range overlap for pairs of adjacent females (n 5 12 pairs). The extent of overlap between neighboring animals decreased as more restrictive measures of home-range size (95% contours [ Fig. 1 ], 50% contours) were used, and we detected no overlap of 50% contours. A similar pattern was found for home-range overlap among 3 adjacent pairs of males (Fig. 1) . We detected no difference in geometric mean overlap between adjacent home ranges for males versus females (minimum convex polygons: t 14 5 0.36, P 5 0.72; fixed kernels: t 14 5 0.51, P 5 0.65; Table 1 ). Mean annual percent of the adult population that was radiocollared on our core study area was 78 6 15 for females and 77 6 37 for males. In no case did we find evidence (tracks or capture of an individual) of an unmarked resident tiger using core areas of marked resident tigers of the same sex.
Male home ranges overlapped 35% 6 22% with those of females. All radiocollared males overlapped with an unknown number of unmarked females, particularly near the edges of their home ranges, so this value overestimates mean malefemale overlap. Male home ranges overlapped extensively with those of sympatric females (X 5 89% 6 13%, n 5 12 instances of overlap and 5 male tigers), but little with neighboring females (X 5 13% 6 17%, n 5 7 instances of overlap and 5 male tigers; t 17 5 6.57, P 5 0.001). Males overlapped with 1 and 3 females in 2 cases where all sympatric females were radiocollared. In a 3rd case a male overlapped with 4 radiocollared females, and examination of snow-tracking data suggested that he also overlapped with a 5th, unmarked female.
Changes in home-range size.-Five females underwent significant home-range contractions during the course of the study (X before 5 460 6 95 km 2 , X after 5 246 6 46 km 2 ; t 4 5 8.74, P , 0.001; Fig. 2 ). All of these females were older animals (.7 years of age) that had been resident on their original home range for 2.8-6 years. Average geometric mean overlap between the original and contracted home ranges was 0.54 6 0.16, with these animals relinquishing 58% 6 14% of the area originally occupied (range 5 47-75%). On average, 24% (621%, range 5 7-51%) of the new home ranges occupied by these animals represented areas not included in their original home ranges. The same female both gave up the greatest percent of her old home range (75%) and acquired the most new area (51%), perhaps because she was able to shift into a vacant area created by the disappearance of her neighbor. All females that underwent home-range contractions produced litters following these home-range shifts.
Three animals (2 females and 1 male) expanded their home ranges during the study (Fig. 2) . Although small sample sizes precluded statistical analysis, in all cases original home-range sizes (760 6 733 km 2 ) were markedly smaller than expanded home-range sizes (1,042 6 909), representing a mean increase in size of 46% 6 23%. All of these expansions appeared to be associated with the disappearance of a neighboring animal, which created a vacancy in the adjacent habitat.
Home-range acquisition, changes in residency, and effects of human-induced mortality.-We tracked 7 male (from 5 litters born to 4 different mothers) and 6 female (from 6 litters born to 6 different mothers) juveniles born on the study area. Five of the 7 mothers of these juveniles were radiocollared, allowing us to relate space use by young to their maternal home range. All male and 2 female juveniles dispersed from their natal home ranges, although we lost radiocontact with these animals (most were killed by poachers- Goodrich et al. 2008 ) before they acquired territories. The remaining 4 female juveniles settled at least partially within their natal home ranges. In 2 cases these females took over their entire natal home range following the disappearance of their mother. In the remaining 2 cases the mothers divided their home ranges with their offspring (Figs. 1  and 2 ). This resulted in an almost 2-fold increase in the density of adult females in that portion of the study area. All 4 females (mothers and female offspring) gave birth to litters following the division of the maternal home ranges.
In addition to females settling in their natal home ranges, changes in home-range occupancy occurred following the death (6 females and 2 males) or emigration (1 female) of resident tigers. For females, vacancies were filled by 4 adult and 3 subadult females. Based on genetic analyses, 2 of the 4 adults were unrelated to the previous resident of that home range and most likely were immigrants. The remaining 2 adult females that acquired home ranges were related to the previous occupant, although the exact relationship was unknown. Of the 2 vacancies created by the deaths of adult males, 1 was filled by a neighboring male (Fig. 2) . When this 2nd resident later died, his home range was taken over by a young male (3-4 years old) that apparently immigrated to the study site.
The effects of changes in home-range occupancy on homerange boundaries varied considerably. In some cases homerange boundaries changed greatly, but in other cases they remained remarkably similar (Fig. 3) . For females, average geometric mean overlap between the home ranges of original and subsequent residents was 0.65 6 0.18 (range 0.43-0.87, n 5 7). For 2 males, the values were 0.37 and 0.74.
Reproductive success.-Although the mean number of young born per tigress per year was lower during 1997-2000 (higher rates of poaching: 0.9 6 0.6, n 5 5 females) than 2001-2006 (lower rates of poaching: 1.4 6 0.6, n 5 5 females), this difference was not significant (t 6 5 1.06, P 5 0.16). The mean number of young per year per female that survived to 1 year was lower during 1997-2000 (0.3 6 0.2, n 5 5 females) than during [2001] [2002] [2003] [2004] [2005] [2006] (1 6 0.5, n 5 5 females; t 6 5 2.53, P 5 0.02).
DISCUSSION
Examination of our data indicates that male home ranges were 3.6 times larger than those of females. Overlap was low for both sexes, but male home ranges overlapped extensively with those of 1-5 sympatric females. Males fathered litters with a minimum of 3 different females. Young females tended toward philopatry, often settling in their natal home ranges, whereas all males dispersed. In addition to female cubs settling in their natal home ranges, vacancies were filled by immigrants. Reproductive success was lower during the portion of the study characterized by high rates of poaching.
The number of individuals monitored was small, particularly for males, and hence our results must be treated with caution. Additionally, samples sizes for home-range estimation (number of locations and length of time tracked) were small in some cases. For minimum convex polygons this could have resulted in negatively biased estimates of home-range size and overlap, but for fixed kernel home ranges the effects of small samples vary and are unpredictable (Hemson et al. 2005) . Fixed kernel estimators have been criticized for a number of reasons (Getz et al. 2007; Hemson et al. 2005) . Most pertinent to this study is that parametric fixed kernel home-range estimates are highly influenced by outliers (Borger et al. 2006 ) and can overestimate home-range boundaries because they exceed the actual data by a value of h (the kernel radius- Getz et al. 2007 ). Both of these issues result in overestimates of home-range overlap, which may explain why our estimates of overlap of 95% fixed kernel home ranges were greater than those for 100% convex polygons.
Treating home ranges before and after shifts as distinct might have resulted in dependence of some samples. However, home ranges following shifts were statistically different in size, suggesting that this division was justifiable. Additionally, the impact on our results is minimal because these data were used only in the comparison of home-range size between males and females.
Home-range size and overlap.-Mean home-range sizes for our study animals were larger than home ranges of Amur tigers reported previously (Table 2) , probably because radiotracking provides greater coverage of animal movements in space and time. Home-range sizes of our study animals were roughly an order of magnitude larger than those reported for Bengal and Sumatran (P. t. sumatrae) tigers (Table 2) , perhaps because prey biomass is an order of magnitude lower on our study area (Miquelle et al. 1999a, in press; Seidensticker 1986; Sunquist et al. 1999 ). Male home ranges were larger than those of females, a pattern found in other Female (all) 12 0.10 6 0.10 0.11 6 0.11 9 6 11 Male 3 0.07 6 0.06 0.14 6 0.12 7 6 6 Male-female shared 12 0.51 6 0.16 0.49 6 0.13 89 6 13 a Male-female neighbors 7 0.09 6 0.11 0.12 6 0.12 13 6 17 a a Percent of female x's home range that was overlapped by male y.
tiger studies (Table 2 ) and for most solitary carnivores (Sandell 1989) . The difference is likely due to differences in resources that limit fitness; that is, food for females and access to reproducing females for males. Female home ranges should be large enough that prey availability will meet the energetic requirements of raising cubs. However, males can maximize their home ranges to include as many breeding females as possible (Lott 1991; Minta 1993; Powell 1979; Sandell 1989) . Males in our study maintained largely exclusive home ranges despite the observation that their home ranges were larger than reported for any other population of tigers. Exclusive home ranges likely have several advantages, including reduced risk of infanticide by other males (infanticide has been reported in tigers- Smith et al. 1987; Yudakov and Nikolaev 1987) and relatively exclusive access to mates, but these advantages can be accrued only if male home ranges entirely encompass those of females (Lott 1991; Minta 1993; Smith and McDougal 1991) . Overlap of resident   FIG. 2.-a) Home-range expansions by 1 female and 1 male tiger, and b) home-range contractions by 2 adult female tigers, on and near Sikhote-Alin Biosphere Zapovednik, Russia, 1993 Russia, -2006 . Following the contractions the daughters of both tigresses settled in the vacated portions of the home ranges. In both cases the letter ''a'' following the animal number refers to the initial home range (light shading) and ''b'' refers to the home range following expansion or contraction (dark shading). male territories with sympatric females was high (86%), suggesting that males might have been attempting to maintain exclusive access to females.
Our data are consistent with a polygynous mating system in that male home ranges overlapped those of 1-5 females. Other studies of Amur tigers also found spacing patterns that suggested polygyny (Yudakov and Nikolaev 1987) . Bengal tigers in Nepal were polygynous, with 1 male siring offspring with 7 females (Smith and McDougal 1991) . Degree of polygyny can influence variance in lifetime reproductive success and effective population size in mammals and should be taken into consideration when adapting population models for Bengal to Amur tigers (Chepko-Sade et al. 1987; Smith and McDougal 1991) .
Some investigators suggest that solitary female carnivores should maintain exclusive home ranges when prey are evenly distributed, stable over time, and intermediate in availability (Brown and Orians 1970; Carpenter and MacMillen 1976; Goodrich and Buskirk 1998; Hixon 1980; Powell 1996; Sandell 1989; Waser and Wiley 1979) . Examination of data from our study area does not support this hypothesis. Female Amur tigers maintained exclusive home ranges despite lower prey biomass than that recorded for any other tiger population (Miquelle et al. in press), prey (boar) density that varied dramatically on roughly a 20-year cycle, and prey populations (red deer and boar) that declined during the study (Stephens et al. 2005) .
Overlap of female convex polygon home ranges was similar to that found in Nepal (Smith et al. 1987) , despite home ranges of Amur tigers being an order of magnitude larger. Thus, the data support our prediction of exclusive home ranges for Amur tigers. Most studies of tiger spacing patterns have demonstrated spatial exclusivity, but 3 studies found widely overlapping home ranges among females ( Table 2 ), suggesting that tigers may be flexible in their spacing system. However, reported differences in degree of home-range overlap could be the result of differences in methodology. Estimating homerange overlap among resident animals requires long-term study of marked individuals of known sex, age, and residency status, but these are difficult parameters to estimate based on snow-tracking or camera-trapping data. For example, McDougal (1977) found overlapping home ranges among female tigers during his first 5 years of study but later concluded that such overlap was the result of changes in territory ownership. We suggest that all studies claiming the absence of territoriality in tigers (Table 2 ) are unreliable inferences because the methodology used does not provide sufficient accuracy or length of study was too short.
Changes in home-range size.-Five tigresses substantially contracted their home ranges, and in most cases daughters subsequently settled in the vacated area. All successfully reproduced in their new, smaller territories, suggesting that these females initially occupied territories larger than needed to meet their energetic demands. Less space may have been needed to meet energetic demands because prey densities increased or because older tigresses forage more efficiently. However, density of primary prey (red deer and wild boar) decreased during the study period (Stephens et al. 2005) , and two 3-year-old tigresses successfully raised their 1st litters in similarly small home ranges, suggesting that age was not a factor. Instead, we believe that these tigresses maintained large home ranges so that they could relinquish portions to their daughters and that this was possible because high poaching pressure Kerley et al. 2002) resulted in large amounts of vacant land and low intruder pressure from other females. Low intruder pressure also was implicated in home-range expansions by adults in the study population. Home-range expansions or shifts to fill vacancies are common among large solitary cats (Bailey 1993; Ferreras et al. 1997; McDougal 1977; Rabinowitz and Nottingham 1986; Schmidt et al. 1997; Seidensticker et al. 1973 ) but may not occur in all populations (Laing and Lindzey 1993; Smith et al. 1987) .
Home-range acquisition, changes in residency, and effects of human-induced mortality.-All radiocollared male cubs dispersed whereas females tended toward philopatry, often settling in their natal home ranges. Inheritance of maternal home ranges has been documented for Bengal tigers and other large carnivores and probably serves to increase the reproductive success of daughters (Bengal tigers [McDougal 1977; Smith et al. 1987 ], black bears [Ursus americanus- Rogers 1987], cougars [Lindzey et al. 1994; Logan and Sweanor 2001] , Iberian lynx [Lynx pardinus -Ferreras et al. 1997] , and leopards [Bailey 1993] ). Advantages of natal philopatry include familiarity with a natal home range and avoiding dangers of dispersal (Waser and Jones 1983) . Nearly all dispersing tigers with which we lost radiocontact were likely poached before they settled . In contrast, 3 of 4 tigresses that settled in their natal territories produced litters at approximately the minimum age for reproduction in tigers (Sunquist 1981 ).
We did not detect changes in home-range occupancy resulting from the eviction of a resident tiger by an immigrant. We detected young tigers establishing home ranges only when vacancies were available, or when they settled in their natal home range. This may have slowed population growth on our study area because females apparently maintained home ranges larger than necessary to meet energetic demands and appeared to reduce home-range size only when daughters were available to settle in the vacated area. Based on this, we hypothesize that for recovering populations of tigers, growth rates may not be as high as expected based on reproductive potential alone, and the resilience (Sunquist et al. 1999 ) of tiger populations to human-caused mortality may be less than previously believed (Chapron et al. 2008 ) because these populations are not at maximum density.
The spacing system we describe for the period of 2000-2004 likely can exist only under conditions of long-term adult survival of both sexes. The period of high human-induced mortality (1997) (1998) (1999) (2000) when all but 2 of the radiocollared tigers were killed was marked by lower reproductive rates, lower cub survival, and the apparent absence of home-range inheritance by daughters. Depressed birthrates were likely the result of longer intervals for immigration and establishment of new home ranges, development of relationships with resident males, and higher mortality. Cub survival was lower due to cub mortality when their mothers were poached and possibly due to infanticide when poached males were replaced by immigrants Kerley et al. 2003) . Thus, high human-caused mortality has consequences well beyond the loss of individuals. Although a new group of tigers quickly replaced the animals that were killed, it took nearly 5 years for the development of home-range inheritance by daughters. When this occurred, density of breeding females nearly doubled on our core study area. Birthrates increased slightly during the latter time period, and the number of cubs surviving to 1 year of age increased significantly. This suggests that potential density and reproductive output for protected areas in Russia might be almost twice as high as previously estimated by Miquelle et al. (1999b) , who based estimates on data collected before 2000, but only if tigers are well protected from high human-caused mortality.
KPATKOE COДEPЖAHИE HA PУCCKOM ЯЗЫKE Расположение участков по отношению к друг другу может оказать влияние на демогра ические параметры популяций крупных хищников, к оторые, в свою очередь, воздей ствуют на э ективный размер популяции. Таким образом, лучшее понимание пространственной структуры часто может дать представление о более э ективных природоохранных стратегиях. Мы изучили размер индивидуальных участков, прос-транственные характеристики и изменения во взаиморасположении участков радиомеченных амурских тигров в Сихотэ-Алинском заповеднике (Россия) с 1992 по 2006 гг. Мы определили, что особи обоих полов территориальны в прос-транственном отношении, и что молодые самки имеют тенденцию к илопатрии, а самцы у ходят на поиск новых территорий . Участки резидентных самок (n = 20 участков 14 самок) были меньше по площади чем участки резидентных самцов (n = 6 участков 5 самцов) (значения 95% иксированного контура X R = 390 ± 136 км 2 ; X = = 1385 ± 539 км 2 ; t 5 = 2,01, P = 0,003). Геометрическое среднее наложение участков обитающих по соседству самок составило 0,11 (стандартное отклонение [SD] = 0,11), и средний процент наложения участков был равен 0,09 (SD = 0,11).
Геометрическое среднее наложения участков обитающих по соседству самцов соста-вило 0,14 (SD = 0,12). Все радиомеченные тигрята-самцы (n = 7) ушли на поиски новой территории, и только 2 из 6 тигрят-самок ушли с натальных участков. Когда уровень смертности по вине человека был низок, тигрицы жили достаточно долго, чтобы разделить свой инди-видуальный участок с дочерями, в результате чего участки становились меньше, а плотность репродуктивных самок выше. Все самки произвели потомство на этих меньших участках, что означает, что самки занимают участки бóльшие по размеру, чем необходимо для вос-производства. Однако когда уровень смертности по вине человека был высоким, самки часто не доживали до момента передачи участка дочерям, и плотность популяции оказывалась явно ниже, чем позволяет емкость угодий . Влияние бра-коньерства, по-видимому, выходит далеко за рамки просто потери особей , поэтому заповедники должны иметь высокий уровень охраны, если они намерены служить ядром популяции амурс-кого тигра для прилегающих неохраняемых территорий местообитания тигра.
